Background: Francophones who live outside the primarily French-speaking province of Quebec, Canada, risk being excluded from research by lack of a sampling frame. We examined the adequacy of random sampling, advertising, and respondent-driven sampling for recruitment of francophones for survey research.
deriving unbiased estimators and standard errors of the variables being studied.
Many researchers have used advertising, snowball sampling, and respondent-driven sampling, individually or in combination, to sample hard-to-reach populations. For example, Southern et al. 11 used a combination of paid and unpaid advertising to recruit a sample of Americans living in Canada. Researchers in the United States and Europe have used respondent-driven sampling to recruit injection drug users for their studies. 12, 13 Studies in which advertising was used as the sole recruiting method have demonstrated its convenience as a recruitment strategy, despite the limitation of not generating the desired sample size within a certain period. [14] [15] [16] The findings of studies based on snowball sampling are often not generalizable because of the nonrandom nature of the resulting sample. 3 Respondent-driven sampling may have important advantages over advertising and snowball methods because participants can be recruited relatively quickly, and the resulting sample is diverse and has less investigator bias. 17 However, respondent-driven sampling requires that the researchers identify productive "seeds" and that 6 or more waves of recruitment be achieved. 9, 18, 19 Hard-to-reach populations are often the focus of health care research, because they often have unique health care needs. To obtain valid and generalizable research results for these populations, sampling mechanisms must be optimized. In the study reported here, we assessed the adequacy of advertising and respondent-driven sampling to recruit separate samples of francophones living in Alberta, a majority English-speaking province of Canada. The study posed 2 questions:
• Would advertising and/or respondent-driven sampling as recruitment strategies yield study samples similar to a random sample of the francophone population in Calgary? • Would respondent-driven sampling yield a sample adequate for generating valid population estimates representative of the francophone population in Calgary?
Methods
Design and setting. We generated samples of francophones through advertising and respondent-driven sampling and then compared these samples with a random subsample from the Canadian Community Health Survey (CCHS). 20 The CCHS is a telephone survey based on random digital dialling. We considered the Canada, one such hard-to-reach population (e.g., for survey studies) consists of minority francophones, as there is no registry of francophones, and neither ethnicity (except for registered Indians under the Indian Act) nor language is routinely collected as part of administrative health data. 7 Advertising is one method used to recruit study participants. Often, researchers will advertise a study in print media, online, through email distribution, and with posters or flyers. Snowball sampling is a second method, whereby initial recruits are asked to name others in the target population who may be interested in the study. 3, 8 These chain referrals usually continue until the target sample size is obtained. Respondentdriven sampling is another chain-referral method that incentivizes initial study participants (called "seeds") to recruit others. 9 Each seed is given coupons (usually numbering 3) with unique serial numbers, which they use in recruiting their peers in a first wave of recruitment. First-wave respondents who are willing to participate receive the same number of coupons to recruit second-wave respondents, who in turn recruit thirdwave respondents, with expansion of the pool until the desired sample size is reached. With respondentdriven sampling, active seeds are rewarded twice, initially for agreeing to be interviewed and then for recruiting others for the study. The serial numbers on the coupons are used to link recruits to recruiters. As with other chain-referral sampling methods, participants recruited through respondent-driven sampling are not randomly selected, depending instead on the subjective choices of the recruiters. However, respondentdriven sampling has a methodologic advantage over other chain-referral methods in that it employs mathematical weights in the analysis to compensate for the nonrandom nature of the sample. 9, 10 This allows for the calculation of relative inclusion probabilities for members of the population and thus the possibility of 22 We used the same wording as the CCHS, to maintain comparability across data sources. The survey included questions about socio-demographic characteristics, self-perceived general health, perceived weight, and having a regular medical doctor. Both the French and English versions of the survey questionnaire were pilot-tested. Potential participants recruited by advertising and respondent-driven sampling were screened against the following eligibility criteria: age 18 years or older, residence in Calgary for at least 12 months, and selfidentification as francophone (on the basis of mother tongue or first official language spoken). Those who met the eligibility criteria had the choice of completing the survey by telephone, by mail, or online.
CCHS recruitment. The 2006 CCHS cycle 3.1 was a cross-sectional telephone survey administered nationally to household residents aged 12 years or older in all provinces and territories, with the exception of populations on First Nations reserves, on Canadian Forces bases, and in some remote areas. 20 The CCHS uses a multistage survey design that includes stratification and/or clustering of population units before sampling. Survey weights are provided for analysis to account for the complex survey design. The national response rate for the CCHS cycle 3.1 was 84.7%. A detailed description of the sampling frame and design methodology of the CCHS can be found elsewhere. 20 The CCHS was chosen as the gold standard because the sampling strategy allows for a random selection of participants at smaller geographic units, such as cities or metropolitan areas. From the CCHS survey data, we obtained a random subsample of francophones (i.e., people who reported French as either the mother tongue or the first official spoken language) at least 18 years of age who resided in Calgary.
Recruitment by advertising. Internet and email distribution, newspapers, radio and television advertising, and posters and flyers were the mechanisms used to generate the sample of participants recruited by advertising. We launched email and Internet advertising on Friday, 27 November 2009, via direct email distribution and by posting study information on a dedicated website for this study. More specifically, we sent flyers by email to leaders of agencies and community associations serving the francophone community in Calgary, asking them to forward the message to their various networks. These leaders had participated in a focus group in September 2009 to discuss how they could facilitate access to the francophone community for this study. A reminder email was sent on 23 January 2010, and a final reminder was sent on 4 February 2010. Potential participants were given the options of calling the research office, following a link to access the survey online, or requesting a paper copy of the questionnaire.
For newspaper recruitment, we advertised our study in 2 local monthly French newspapers (in December 2009 and January 2010, respectively) and an English newspaper distributed through the Calgary metropolitan transit system for 3 consecutive days (3 to 5 February 2010).
For radio and television recruitment, we recorded an advertisement that was aired on 9 December 2009 on the 2 public broadcasting networks (Radio-Canada [French] and CBC [English]), on television during the evening news and several times during a popular evening radio program.
On 4, 7, 8, and 20 December 2009, eye-catching posters and flyers were distributed to various locations throughout Calgary, including French-language schools, primary care practices, the French Centre at the University of Calgary, churches frequented by francophones, a francophone job centre, and various francophone service agencies. Each poster had an envelope-sized trifold pocket in which wallet-size flyers were available for pick-up by interested individuals.
Public information sessions about the study and how to participate were held at ethnocultural association meetings and francophone service agencies. Direct recruitment was not undertaken at these events.
Recruitment by respondent-driven sampling. We launched respondent-driven sampling on 1 March 2010, 2 weeks after the advertising campaign was completed, to diminish any residual effects from the advertising. Initial seeds were selected from a pool of people who had participated in a previous study involving the same population and who had consented to being contacted for a survey in the future. The study coordinator screened participants who had reported their immigration status and sex in the previous study, who expressed willingness to recruit up to 3 peers for our current study, and who fulfilled the overall study criteria. We selected 8 eligible seeds, 4 immigrants and 4 nonimmigrants, with 2 men and 2 women in each group. As noted previously, the success of respondent-driven sampling lies in finding productive seeds and reaching 6 or more waves of recruitment. 9, 18, 19 In selecting seeds with known attributes, our main assumption was that they would be "active" (i.e., would participate in the study and recruit others) and that the resulting sample would be similar in composition to the francophone population of Calgary. We took a cautious approach, choosing not to sample seeds by their affiliation with ethnocultural organizations or francophone service agencies, so that our final sample would not be limited to members of these organizations. Seeds were purposely 23 selected to ensure balance in terms of sex and immigration status. Each seed who completed the survey received 3 coupons to recruit others. The coupon included instructions on how to access the survey, a request to refer 3 other participants (for which the person making the referral would receive $10 per eligible participant who completed the survey), and a unique, 4-digit serial number that enhanced the linkage of recruits to recruiters.
Statistical analysis. We used descriptive statistics to examine the characteristics of participants reached by the 3 methods of recruitment (CCHS, advertising, and respondent-driven sampling). First, we merged the data for participants in the groups recruited by advertising and respondent-driven sampling. These merged data and the CCHS data were analyzed separately, for the following 2 reasons: first, analysis and reporting of CCHS data requires application of sampling weights to account for the complex, multistage sampling design, 20 whereas such weighting was not required for the samples that we recruited; second, the current study used raw data from the CCHS, which could be analyzed only in a secure, monitored environment (the Regional Data Centre in Calgary). In addition, Statistics Canada places some restrictions on reporting findings from CCHS data and making inferences for subpopulations. Consequently, we did not perform significance tests to determine whether the 2 samples (merged and CCHS) were from the same population.
To identify recruitment chains (number of recruits originating from active seeds), we analyzed data from the respondent-driven sample using RDSAT software, version 5.6. 24 We fitted logistic models for each sample to assess the likelihood of having a regular medical doctor after adjustment for age, sex, marital status, education, personal income, general health, and perceived weight. For CCHS data, we computed estimates using the sampling weights provided by Statistics Canada. 25 Data were analyzed with Stata software, version 11 (StataCorp LP, College Station, Texas).
Results
Advertising was conducted over 3 months (Table 1) . In respondent-driven sampling, the response from the 8 initial seeds was slow but eventually resulted in the recruitment of 35 other seeds, for a total of 43 seeds. These 43 seeds were involved in 9 waves of recruitment, which yielded a total of 164 participants (see Figure 2 ). Of these participants, 19 were excluded from the analysis because of missing responses on questionnaire items. There was substantial attrition of seeds: 26 seeds did not complete the survey, and 9 completed the survey but did not recruit any additional participants. (participant identification [ID] 13, 47, 102) and 5 were women (participant ID 10, 54, 61, 64, 73). Participants were likely to refer people with cultural and immigration status similar to their own. Of the 265 participants recruited through advertising and respondent-driven sampling, 256 (96.6%) completed the survey in French and 9 (3.4%) in English. Modes of participation were 86 (32.5%) online, 12 (4.5%) by telephone, and 167 (63.0%) by mail. Because of the small number of respondents who participated by phone, responses for phone and Internet participation were combined. Compared with those who responded online or by phone, those who responded by mail were less likely to have college education or higher (77.2% v. 89.8%) but were more likely not to report personal income (28.1% v. 14.3%) and not to have a regular medical doctor (31.1% v. 15.5%) ( Table  2) . Among online/phone participants, the largest age group consisted of those 30 to 39 years of age (46.2%). Among mail respondents, the 2 largest age groups were those 30 to 39 years and 40 to 49 years (36.1% and 35.5%, respectively).
Of 285 Calgary francophones randomly selected from the CCHS, data for 259 participants were retained for analysis; the other 26 participants were excluded as they did not meet the study criteria. The samples generated through the 3 survey methods differed in terms of proportion of women (43.4% for the CCHS, 73.9% for advertising, and 59.4% for respondentdriven sampling), postsecondary education (59.1%, 86.7%, and 77.9%, respectively), birth place outside of Canada (3.7%, 45.8%, and 55.2%, respectively), missing data for personal income (12.1%, 14.2%, and 30.3 %, respectively), and not having a regular medical doctor (16.6%, 16.7%, and 34.5%, respectively) ( Table 3) .
Interpretation
We tested the adequacy of advertising and respondent-driven sampling to recruit separate samples of francophones in Calgary, relative to a random sample from the CCHS (gold standard). Francophones residing primarily in an English-speaking city such as Calgary represent a hard-toreach population for research purposes. The survey samples recruited in this study differed from the CCHS subsample in terms of basic demographic characteristics (age, sex, education, and place of birth) and thus were not representative of the francophone population in Calgary, as defined by the CCHS subsample. The 2 study samples Has regular doctor n = 265 n = 120 n = 145 generated by advertising and respondent-driven sampling were similar to a large extent, but the differences from the CCHS subsample persisted even when the 2 study samples were pooled. Relative to the CCHS, the advertising strategy resulted in oversampling of women and participants with postsecondary education. Respondent-driven sampling resulted in oversampling of women, participants with postsecondary education, immigrants, and people with missing data for personal income. Over-representation of women and immigrants in the respondent-driven sampling likely relates to the fact that most of the active seeds were female immigrants. Use of combined strategies to sample hard-to-reach populations has been documented in other studies not involving francophones. In Canada, Southern et al. 11 found that use of a media conference, supplemented by a nationwide media release and paid advertisements in newspapers, produced a large enough sample of analyzable responses from Americans living in Canada. In the United States, use of direct mail and media releases improved the participation of people from ethnic minorities in a clinical trial. 15 However, these studies did not examine the representativeness of their samples. Our comparison of the sample of participants recruited by advertising with the random subsample from the CCHS revealed differences that raise questions about the impact of selection bias on findings from studies that used advertising as the sole recruitment strategy. The use of respondent-driven sampling as an effective strategy to recruit a representative sample of a hardto-reach population was well documented in a study involving drug users in New York City. 18 Starting with 8 seeds, the investigators recruited 618 drug users during 6 waves of recruitment over 13 weeks. Their study sample may have been representative of the overall population, as sample characteristics were similar to the characteristics of drug users recruited for other studies conducted in the same city. Our use of respondentdriven sampling did not achieve the same results. This inconsistency may relate to differences in study populations and recruitment processes. In the previous study, a specific population with low socio-economic potential was surveyed in New York City, 18 and monetary incentives may have influenced participation. For the current study, the target population comprised francophone immigrants and interprovincial migrants, with differing economic potential and socio-demographic characteristics; here, monetary incentives may not have had the same impact. The oversampling of immigrants that we observed was likely due to the tendency of immigrants to cluster in certain geographic areas and to have strong social ties. Thus, seeds who were immigrants were more likely than non-immigrants to recruit participants within their communities and the same language group. The benefits of respondentdriven sampling might be optimized in a future study by ensuring that active seeds are retained through appropriate types and amounts of incentives and by selecting diverse seeds to minimize oversampling of participants with similar traits. We encountered a series of challenges during this study. Advertising was scheduled for 3 months, with a 2-week washout period before initiation of respondent-driven sampling. However, advertising had a residual effect that extended into the period for respondent-driven sampling. Survey respondents during the respondent-driven sampling phase reported learning about the study from at least one of several advertising sources. It was not possible for us to recall all forms of advertising about the study during the respondent-driven sampling period (e.g., posters, flyers, newspapers, and information distributed by Internet and email). However, use of media (newspapers and radio), posters and flyers yielded the fewest recruits relative to other forms of advertising.
The December 2010 earthquake in Haiti might have been a major distraction from the advertising campaign. During that time, media attention was focused on the devastation and on relief efforts for victims. Haitians form a considerable proportion of the francophone community in Calgary, and these potential participants might have been more concerned about the safety of family members and loved ones than participating in a study. Preparation for the launch of respondent-driven sampling began late in January 2010, but intensified at washout, with the distribution of coupons to initial seeds. The first participants from respondent-driven sampling completed the survey earlier than the scheduled launch date of 1 March 2010, which suggests that the initial seeds had been making referrals before the official start of the respondent-driven component of the study. Despite early referrals for respondentdriven sampling, recruitment was initially slow because some seeds were inactive. We addressed this problem by identifying new seeds, a strategy that substantially improved the final study sample.
Limitations. This study had some limitations. First, our choice of the CCHS as the gold standard constituted a major limitation. The CCHS is a household survey administered nationally to English-and French-speaking Canadian households in all provinces and territories. However, for our study, we selected a subsample of French speakers restricted to one geographic area, whose response rate in the CCHS is unknown. Additionally, the CCHS data were 3 years older than the data obtained through advertising and respondentdriven sampling. As a consequence, generalizability of our findings is limited. Second, we did not weight the respondent-driven sample in our analysis. Such an analysis would require integrating network size to estimate the probability of recruitment from a seed. This probability would then be used to generate mathematical weights to adjust for sampling deficiencies, because the respondent-driven sample depends on the design and the weights. One reason for not weighting the sample was the substantial missing data for the francophones in each network. For the few seeds that did generate networks the range was wide (5-40 individuals), which rendered the quality of reported network size questionable for weighting. Third, because different statistical methods were used to analyze data from different sources, it was not possible to combine datasets and perform multivariate comparisons to assess variability in estimates and thus determine whether the samples were significantly different. Without showing variability around the estimates, it is likely that the differences in magnitude of the findings between the combined sample and the individual samples (advertising or respondent-driven sampling) may have been due simply to selection size. Merging the CCHS data with study survey data was not feasible given the data access and reporting requirements of Statistics Canada. Finally, the findings are based on only one sample each from advertising and respondent-driven sampling, and therefore the observed biases may have arisen by chance.
Conclusion.
We examined the yield and adequacy of advertising and respondent-driven sampling to recruit minority francophones in the absence of a sampling frame. We determined that samples generated through these methods differed from the gold standard (CCHS cycle 3.1) in terms of basic demographic characteristics such as age and sex and were thus not representative of the general francophone population. These biased samples could have generated misleading conclusions for variables such as having a regular doctor. Although not examined in the current study, the growing popularity of online social networks such as Facebook and Twitter offers opportunities for future research to test the applicability of social media in sampling, especially for seed selection in respondent-driven sampling. However, employing social media for research will require that issues of consent, confidentiality, and data security be addressed.
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